ABSTRACT. Evidence is accumulating that chronic inflammation has an important role in prostate cancer. Two common polymorphisms in the prostaglandin-endoperoxide synthase 2 (PTGS2) gene, rs20417 and rs689470, have been found to alter the risk for prostate cancer, but the various studies are not in agreement. To derive a more precise estimation of this association, all available studies were considered in a meta-analysis, with 10,700 patients and 13,021 controls for rs20417 and 4087 patients and 3761 controls for rs689470. We used odds ratios (ORs) to assess the strength of the association, and 95% confidence intervals (CIs) to determine the precision of the estimate. When all groups were pooled, we did not detect a PTGS2 polymorphisms and prostate cancer significant association of rs20417 polymorphism with prostate cancer risk. Similarly, no associations were found in the subgroup analysis. However, we found that rs689470 was significantly associated with a trend towards increased prostate cancer risk when using both additive (OR = 2.15, 95%CI = 1.04-4.44, P = 0.04) and recessive models (OR = 2.07, 95%CI = 1.07-4.03, P = 0.03) to analyze the data. In subgroup analyses stratified by ethnicity, there was no evidence that rs689470 has a significant association with prostate cancer in Caucasians. Based on our meta-analysis, rs689470 polymorphism is significantly associated with prostate cancer risk in the overall population. Nevertheless, we suggest that further studies should be made to confirm these findings.
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INTRODUCTION
Prostate cancer (PCa) is one of the most common types of cancer affecting men in the USA and is the second leading cause of cancer death among men, after lung cancer. Identifying potential risk factors for PCa is critically important to develop interventions and to expand our understanding of the biology of PCa. Despite the fact that the complex etiology of PCa remains obscure, various risk factors play an important role in PCa development, such as advanced age, tobacco use, alcohol consumption (Hiatt et al., 1994) , and a diet poor in fresh fruits and vegetables (Hori et al., 2011) . However, not all of those who have been exposed to these risk factors will develop PCa, suggesting that genetic factors may contribute to the carcinogenic mechanisms and the inter-individual differences in susceptibility. Results have shown that a strong association exists between states of chronic inflammation and cancer, and it is believed that mediators of inflammation may be responsible for this phenomenon (Shacter and Weitzman, 2002) . A previous study suggested that chronic inflammation may lead to tumorigenesis through DNA damage by reactive oxygen and nitrogen species, enhancing cell proliferation, and stimulating angiogenesis (McArdle et al., 2006) . Genetic polymorphisms of genes involved in the inflammatory pathway, including prostaglandin-endoperoxide synthase 2 (PTGS2), may impact susceptibility to PCa.
PTGS, also known as cyclooxygenase (COX), catalyzes the rate-limiting step in the formation of inflammatory prostaglandins. COX is an integral membrane bifunctional enzyme, which metabolizes arachidonic acid to many biologically active eicosanoids. The PTGS2 gene, located on chromosome 1q25.2-q25.3, is a candidate gene for PCa susceptibility (Kosaka et al., 1994) . PTGS2 is an inducible enzyme that converts arachidonic acid to prostaglandins, which play a role in cell proliferation and are potent mediators of inflammation. A meta-analysis suggested that aspirin use was associated with a decreasing trend of PCa risk (Mahmud et al., 2004) . Data suggest that COX-2 is overexpressed in PCa tissue compared to benign tissue from the same patient in several studies (Gupta et al., 2000; Madaan et al., 2000; Yoshimura et al., 2000; Kirschenbaum et al., 2000; Lee et al., 2001; Uotila et al., 2001) . Some previous studies suggested that COX-2 may influence carcinogenesis by inhibiting apoptosis (Tsujii and DuBois, 1995) , inducing angiogenesis (Masferrer et al., 2000) and by chronic activation of immune responses (O'Byrne and Dalgleish, 2001 ).
Several studies were conducted to investigate the associations of PTGS2 rs20417 and rs689470 polymorphisms with PCa risk (Panguluri et al., 2004; Shahedi et al., 2006; Cheng et al., 2007; Danforth et al., 2008; Murad et al., 2009; Balistreri et al., 2010; Dossus et al., 2010; Wu et al., 2011) . However, molecular epidemiological studies have yielded contradictory results concerning the potential roles of rs20417 and rs689470 polymorphisms in PCa. Individual studies might have been underpowered to detect the overall effects. Some studies are limited by their sample size and subsequently suffer from power that is too low to detect effects that may exist. Given the amount of accumulated data, we deemed it important to perform a quantitative evaluation of the evidence. Therefore, we performed this meta-analysis study to determine whether rs20417 and rs689470 polymorphisms in the PTGS2 gene are associated with PCa susceptibility in men.
SUBJECTS AND METHODS

Literature search
Relevant publications were identified through a literature search using the key words "COX-2" or "PTGS2", "prostate", "carcinoma" or "cancer" or "tumor", and "polymorphism" or "variation" in the following electronic databases: PubMed, Embase, and the Cochrane Library (last search was updated on June 28, 2011). We evaluated all associated publications to retrieve the most eligible papers. The reference lists of reviews and retrieved articles were hand searched at the same time. If more than one article was published by the same author using the same case series, we selected the study with the largest series. Articles were limited to English language papers.
Inclusion and exclusion criteria
The following inclusion criteria were used to select articles for the meta-analysis: 1) information on the evaluation of PTGS2 (rs20417 and rs689470) polymorphisms and PCa risk; 2) case-control study, and 3) sufficient genotype data were presented to calculate the odds ratio (OR) with 95% confidence interval (95%CI). Major reasons for exclusion of studies were: 1) no controls; 2) overlapping study populations, and 3) no usable data reported.
Data extraction
All data were independently extracted by two investigators according to the prespecified selection criteria. Disagreement was resolved by discussion. The following data were extracted: the name of the first author, publication year, ethnicity of the population, available genotype, number of prostate cancer cases and controls studied, and results of studies. Different ethnic descents were categorized as Caucasian, Asian, and African. For case-control studies nested within different cohorts, data were extracted separately for each group whenever possible.
Statistical analysis
The effect measure of choice was OR with its corresponding 95%CI. The significance of the summary OR was determined with a Z-test and P < 0.05 was considered to be statistically significant. Heterogeneity assumption was checked by the Q-test. P ≥ 0.10 for the Q-test indicated lack of heterogeneity among the studies. Either a random-effects model or fixedeffects model was used to calculate pooled effect estimates in the presence or absence of heterogeneity (Mantel and Haenszel, 1959; DerSimonian et al., 1986) .
First, we examined rs20417 genotypes using additive (CC vs GG), recessive (CC vs GC + GG) and dominant (CC + GC vs GG) genetic models. The relationship between the allele and susceptibility to PCa was then examined. For rs689470 polymorphism, we evaluated the same effects. Stratified analyses were also performed by ethnicity. Publication bias was assessed by visual inspection of funnel plots in which the standard error of log (OR) of each study was plotted against its log (OR). An asymmetric plot indicates a possible publication bias. The symmetry of the funnel plot was further evaluated by the Egger linear regression test. The significance of the intercept was determined by the t-test suggested by Egger et al., 1997 (P < 0.05 was considered to be representative of statistically significant publication bias). All statistical tests were performed with Review Manage, version 5.0, except the publication bias test. The publication bias test was performed with Stata 10.0 (Stata Corporation, College Station, TX, USA).
RESULTS
According to the inclusion criteria defined above, we identified 12 independent studies in 8 eligible reports (Panguluri et al., 2004; Shahedi et al., 2006; Cheng et al., 2007; Danforth et al., 2008; Murad et al., 2009; Balistreri et al., 2010; Dossus et al., 2010; , including 14,282 cases and 16,277 controls. All 12 studies included were written in English. Twelve independent studies consisted of 8 Caucasian, 1 Asian, and 3 African populations. The main characteristics for all eligible studies are listed in Table 1 .
Meta-analysis databases
PTGS2 rs20417
There are 9 studies (10,700 cases and 13,021 controls) analyzing the relationship between PTGS2 rs20417 polymorphism and the risk of PCa. In the overall population, there was significant heterogeneity in rs20417 polymorphism for the dominant model comparison, and the C allele vs G allele, except for the additive model and recessive model comparisons. After subgroup analyses by ethnicity, significant heterogeneity was only detected in Africans. We did not detect an association between rs20417 polymorphism and PCa risk in the overall population when examining the contrast of CC vs GG, CC vs GC + GG, CC + GC vs GG, and C allele vs G allele (OR = 1.00, 95%CI = 0.86-1.17, P = 0.96; OR = 1.00, 95%CI = 0.86-1.16, P = 1.00; OR = 0.92, 95%CI = 0.75-1.12, P = 0.40, and OR = 0.92, 95%CI = 0.76-1.10, P = 0.34, respectively). In subgroup analyses stratified by ethnicity, no noteworthy associations were observed in Caucasians and Africans. The detailed data are presented in Table 2 . Table 1 . Main characteristics of studies included in this meta-analysis.
PTGS2 rs689470
Five independent studies with a total of 4087 cases and 3761 controls were included in the meta-analysis for the PTGS2 rs689470 polymorphism. There was no significant heterogeneity except in dominant model comparison and T vs C in the overall population. After subgroup analyses by ethnicity, significant heterogeneity was effectively removed in Caucasians. In overall population analyses, a significant effect on susceptibility to PCa was observed under the additive model (OR = 2.15, 95%CI = 1.04-4.44, P = 0.04; Figure 1 ) and recessive model (OR = 2.07, 95%CI = 1.07-4.03, P = 0.03; Figure 2 ). There was no significant association between rs689470 polymorphism and PCa susceptibility when examining dominant contrast and allelic contrast (OR = 0.97, 95%CI = 0.71-1.33, P = 0.86; OR = 1.02, 95%CI = 0.72-1.46, P = 0.90). In subgroup analysis, no significant association with PCa risk was found in Caucasians. The detailed data are presented in Table 2 . Meta-analysis of PTGS2 rs20417 and rs689470 polymorphisms and prostate cancer. OR = odds ratio; CI = confidence interval; R = random effect model; F = fixed effect model. 
Publication bias
Begg's funnel plot and the Egger test were performed to assess publication bias. The shape of the funnel plots did not reveal any evidence of obvious asymmetry in all comparison models, and the Egger test was used to provide statistical evidence of funnel plot symmetry. The results did not show any evidence of publication bias. The detailed data are shown in Table 2 .
DISCUSSION
Previous results suggested that single nucleotide polymorphisms are the most common sources of human genetic variation, and that they may contribute to an individual's susceptibility to cancer (Wu et al., 2009 ). In recent years, interest in the genetic susceptibility to cancers has led to a growing attention to the study of polymorphisms of genes involved in tumorigenesis. Since the identification of PTGS2 rs20417 and rs689470 polymorphisms, a growing number of studies suggested that the polymorphisms in the PTGS2 gene play important roles in the development of PCa. Epidemiological studies of the two polymorphisms in PTGS2, if large and unbiased, can provide insight into the in vivo relationship between the gene and PCa risk. However, these studies have appeared in the literature either supporting or refuting a significant association. Some reviewed studies are limited by their sample size and consequently suffer from having a power too low to detect effects that may exist. However, the pool ORs generated from a much larger population can increase the statistical power. Combining data from many studies have the advantage of reducing random error (Ioannidis et al., 2008) . In order to provide a comprehensive and reliable conclusion, we performed the present meta-analysis of 11 independent case-control studies, including 14,282 cases and 16,277 controls.
Several studies have examined the associations between PTGS2 polymorphisms and other cancers. Meta-analysis results showed that the rs20417 polymorphism is significantly associated with esophageal squamous cell carcinoma and adenocarcinoma susceptibility, especially in Asians (Liang et al., 2011) . Similarly, the rs20417 polymorphism has been associated with an increased risk of colorectal cancer among Asian population (Cao et al., 2010) . The meta-analysis by Liu et al. (2010) suggested that the rs20417 polymorphism may be associated with gastric cancer susceptibility. However, one meta-analysis suggested a lack of association between the rs20417 polymorphism and breast cancer risk (Yu et al., 2010) . In the present meta-analysis, it was found that the rs20417 polymorphism is not a risk factor for PCa on the basis of all eligible studies. When stratifying for race, a consistent result was found. For rs689470, our results indicated that the rs689470 is associated with PCa in the overall population. However, no significant associations were found in Caucasians for all genetic models, suggesting a possible role of ethnic differences in genetic backgrounds and the environment in which they lived. There are many factors influencing the result, such as differences in populations, selection factors and so on. Considering the limited studies and population numbers of Africans and Asians included in the meta-analysis, our results should be interpreted with caution.
Heterogeneity is a potential problem when interpreting the results of the present meta-analysis. In overall analysis, significant between-study heterogeneity existed in dominant model comparison and allelic contrast. After subgroup analyses by ethnicity, the heterogeneity was effectively removed in Caucasians. The reason may be that differences in genetic backgrounds and the environment existed among different ethnicities.
Some limitations of this meta-analysis should be acknowledged. First, because only published and English articles were included in the meta-analysis, publication and potential English language biases might have occurred, even though it was not determined by the use of statistical tests. Second, although most of the controls were selected mainly from healthy populations, the result should be cautiously interpreted because controls were not uniformly defined. Third, in the subgroup analyses, the number of Asians and Africans was relatively small, where there was not enough statistical power to explore the true association. It is quite important to have more studies and samples of Asians and Africans in the future, so that a more precise conclusion about the associations between rs20417 and rs689470 polymorphisms and PCa risk can be achieved. Fourth, our results were based on unadjusted estimates, while a more precise analysis should be conducted if individual data were available, which would allow for an adjustment estimate by confounding factors.
In conclusion, significant associations were not detected between rs20417 and the risk of PCa in the overall population, Caucasians and Africans. For rs689470 polymorphism, our meta-analysis suggests that there is an association between rs689470 polymorphism and increased PCa risk in the overall population, but not in Caucasians. Due to the limitations in this analysis noted above, it is critical that larger and well-designed multicenter studies be conducted to confirm our results.
